THE GENERAL RADIO 

[XPfRIMiHffM 

FREQUENCY STABILITY MEASUREMENTS OF 
STANDARD-SIGNAL GENERATORS 


• FREQUENCY DRIFT 
• INCIDENTAL FM 

INTRODUCTION 

IV(*s<*iit-<lay usfs impose ralhor s<*v(*rc 
p«Tf<iriiiaiK‘(‘ r(‘<|iiiroiiuMit> on staiulanl- 
signal generalors, in a tiegrw* nnl pr<*- 
<lielal)ie only a few y^irs ago. 'flie 
inereasing erem tiing of I he frcMpieiiey 
s|H*elruin has fo>lere<l ihe growlh of 
naiTow-hantl lechninnes, wliieh in I urn 
lijis <lrawn incTeasc*(i alien!ion to some 
of llu* re-sitinal frc'^pieney in.siai>iliii<*s in 
ihe generaior onipni. Among iheM* are 
(I) frcMiueiiey change wiih lime, usually 
ealUsl fre<|uen(‘y drift. (2» .shori-|M‘rio<l 
inslahilily. usually <‘alle<l fm nois<» or 
n*siclual frecpieiiey modulation, (31 in- 
eidenlal fre<|ueney nuMlulation (i-esulting 
from amplitude intMlulaiion). ami (I) 
mierophonies, or fr<‘<|ueney ehangi^s of 
nuM'hanieal or neou>iieal origin. For a 
.Hgnal generaior t«» l>e mi»si generally 
usi'ful in Imlay’." technologN*. tliesi* 
(|uantities should he held to a minimum. 

An c‘xample (►f the extreme stability 
n*c|uirements is found in ihe lesling of 
crystal lillers. which have very sharp 


• RESIDUAL FM 
• MICROPHONICS 

cut-oflf characterisiies, with sIo|k*^ as 
steep as a few tenths dh per cycle at 
fretpiencies of the c»rder of 10 mega¬ 
cycles. 1 thviously any appreciable fiv- 
f|uency instability in the te.s| soiin'o will 
obs<*ure the (plantity und(T iimasure- 
ment. 

MEASUREMENT TECHNIQUES 

With an electronic digital counter one 
can set the frtMpiency of the signal 
g(*neral(»r verx* precisely. Since the 
counifT m(‘asuri‘s freipiency dinM-lly and 
continuously, it caui also indi(*ale tlu* 
frcMpiency drift, but it cannot measure 
the slant-period fretpiency instability. 
The shortc'st gating-time interN’al (in 
currently available counters) is about a 
millis(>eond. which corr(‘sponds to a 
large iiuiuIkt of rf cycle's, om* thou>aiid 
(»f them at one megacycle. The counter 
thus m(‘asun’s the arrratfc fretpieiicy 
within the counting-time interval, 'bo 
iiK'asure frecpieney stability over mueh 
shorter intervals re(piires dilTiTenl t4‘ch- 
iiapies of nmasurement. 
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A l>l<K*k (luignnu r>f a nic^asur<Miiriit 
svsitMH lor the al)ove (luantities is shown 
ill 1. This equipment is suitahle 

for ineasiirin}i; the fn'iineney drift, the 
residual frei|iieney imMJnlation, anil the 
ineidental freiiiieney inodiihition, and it 
<*aii liisplay inierophonieally indiieiMl 
frequency iiiMahilities on the oseilhi- 
scope. 

FM NOISE or RESIDUAL FM 

A eonvenicMit ineihiMl of nii^asiiriii^ 
residual fin enH)loys a pulse-eouiil dis- 
eriniinator as usimI in lla* Typk 11 12-A 
rro'iueney Meter and I )iseriininator. 
'riiis iiislriunenl can he operated iliifctly 
up 111 1.5 Ml*: and, hy means of hetero¬ 
dyne lei*hniqiu*s, at hiKht*r fr(M|ueneies. 
The outtmt eaii lie fed direelly to a 
'fveK 73(>-A Wave Analyzer, whieh will 
<<‘leetively measure the various fri*- 
queney eomponents of lla* fin noise. 
Most of I he t e>i<liial freqmaiey modula¬ 
tion on urs a I power-supply funda¬ 


mental and hannonie freciueneies, wliieh ^ 
the analyzer can easily identify. FM 
arising from i)llu‘r sourei*s, howiuer, 
may requin* a widi‘-hand measurement. 

.V ealilirate^l, high-gain amplilier cover¬ 
ing the full audio spectrum will show up, 
for example, disturbances caused hy 
variations in power-line voltage. The 
residual fm may consist of a dominaiiL 
tid-cycle component, corresjamding to a 
deviation of many carrier cycles from 
the average* frequency, at a iMheycle 
rale. However, owing to transients | 

existing on the pow(*r line, this fm signal 
may Miictuale violently in intensity. A 
narrow-hanil analyzer cannot re.spond 
to these fluctuations :md will simply 
average the i-esults in accordance with 
its own h:indwidth. 

MICROPHONICS 

.Viiother capability of a wide-hand fin ^ 
test sy.stem is the measurement of 
me<*hanically inducesl fn‘<|m*ncy shift.s, 


0 - IGkc 



Figur* 1. Block diogrom of mooturemont ftystem. 
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(‘oininoiily rcfcrre<l to as tiiirroplioiiirs. 

oiH* wants to rciich the (‘Xtmiif 
limits of stal)ility for a si}rna) goiH^rator, 
microplionics and lu^h a(‘on>ti(' nf»is4* 
levnls may prove to he* the limiting 
faettors. \\’la‘n a signal ^<*ni*rator is 
operated in aeonstieally noisy environ- 
nH‘nts, it may i»\liil)il earri(*r-ln*<|neney 
instability at fre(|neneies relatnl to in- 
trrnal inei'liaiiieal reH»nanee*>. It is of 
int<*rest to know where these resonanr«*s 
are ami how miwh frei|uein'V di'viation 
they may 1 m* able t<» generate in a j^iven 
enviromm*nt. in order to minimise th(*m 
when* possibk* and l<» provide vibration 
isolation and atMUistieal insulation wh(*ri* 
praetieal. 

A l)amlwi<lth e<n(*rinjc at least the 
amlio '^peetnim is highly desirable in 
the t(*st eepiipment. An os<*illose(»pe 
proN’nh's a eonvenieiit visual display of 
the amli«>-fre<menev sijrnjil fiiim the 
diseriminalor otttput. An appro\imat(* 
fre(|neney analysis of mierophonies eaii 
easily be liwule by use of a diake table 
to vibrate the tiem‘rat<ir under t»'st. 
Dominant nieehanieal resonam*es c*an 
be t|uiekly loeat(*d by visual ob.s«TVati<iu 
oit the oseilh>seope as the vibratiu* drive- 
fret pieney is varitnl. 

\eousti<*al elT«H*t>. whieh are siiiiilai* 
to mi<‘rophonies. ran be <*.\amim*tl by 
use of the s|M*ak<*r system shown in 
Figure I. For mt>st aeeurati* results, the 
generator umler test shouhl be enelosetl 
in an aniM'lioit* (*hamlH*r. although very 
useful results ran lie obtaitied with \ ery 
mueh simpler em*losures. A 'rveK lool-( ’ 
Souml-b<‘vel M(‘tt‘r is re<*omim*nde4l to 
monitor tin* soumi level within the 
eiielosiire. 

determine the ctTeet of white noise 
upon tin* t 4 ein*rat<»r umler test, the 
speaker eaii be driven by the Tvi*K 
ldtN)-R Ifandotn Noise (lenerator. It is 


perhaps more siKiuHeant to examine I hi* 
ri*sponse to sinjjle-frei|ueney sound as 
the frii|ueney is varunl «>ver the entire 
audio spectrum. 'J'his eati be done eon- 
venienlly by use of a combination of the 
'I'yi'k IdOI-H Heat-Fre(|uetu?y Audio 
(leiienilor atnl the rvi»i: lo21-A (Jraphic 
Level U(*corder. as shown in Figure I. 
A chart of sit^nal-t^(*neralor fm deviation 
magnitude vs. aeousticjil-i‘\citation fri*- 
i|Uency will be tduained. Such a chart is 
very us<*fid in pn‘diciinn ^jeiierator pi*r- 
forniance in hi^h>level acoustical en¬ 
vironments atid serves as a ttuide towaril 
elimination of unwattted mechanietd 
resonance,s within the y;enerator. 

.Many systems are i‘onc(*rned with 
maxitnutn peak-atuplitmie signals (us 
oppo.sed to rms or averat?e), which tend 
to overloatl them, sometimes to the 
point of complete li»ss of ampliHcalion 
ftir s<‘vcral s<*('nnds. In such cases, tin* 
knowl(*<l(!;(* of the peak amplitude is 
im|)ortant. riie amplitude corres|)ondinti; 
to the p(‘ak deviation of a signal genera¬ 
tor's earner frequency is I'asily measuretl 
with the Tyi'K lo.^tl-.V Impact Noise 
Analyzer to indicate peak di'viations of 
the signal. A claiict* of time-averat^e, 
<|uasi-peak, i»r peak res|)ons<* is proviiled 
for either polarity tif the >i>inal bein^ 
im‘asure<l. riiis |)ermits the mea.sun*- 
ment of transient deviation^. Mich as 
may result from "hock or vibration. 

i 

INCIDENTAL FM 

When a sijiinal licnerator is am|)lit ude- 
modulat(*d. some im*idental freiiuency 
imKlulation also occurs. 'Lhe measun*- 
ment of this elTect imposi*" severe ii*- 
nuirements on tin* measiirini! apparatus, 
which must U* capabli* of handling;; tla* 
rf input siiriial without phase distortion, 
at any imMlulatiiu( freiiuency within 
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tli(‘ capMlnlitir^ of tlir ^(MiiTiitor under 
lest. A Viirijilion of phase in tlie ^enera- 
lor earner fretjiienev during ihe inodida- 
lion (‘yele will result in ineitlental fm. 
Similar phase shifts can .also oeeur in the 
t(*sl apparatus and ean l(‘ad toerroia'ous 
results unless aile<iuale d<‘si»;n preeau- 
ti(»ns ;ire taken. .Measurements at veiy 
h»w levels of ineidenlal fm are usually 
limited hy this elTeet, especially at the 
hi^h audio modulation fr{‘(|ueneies, 

Whil(‘ a earri(‘r sijiiial ean he ex.amined 
visually on a p.inoratnie display <levie(‘. 
it is dillietilt to identify separately tla* 
.‘im and fm sidt'hands when both are 
simultan(‘ously present. For this reason, 
the system slaiwn iti I'i^ure 1. which em¬ 
ploys an fm diseriminator. is r(’<*<uii- 
mendt'd. 

One of lh(‘ most important factors in 
the measurement of iinadental fm i> the 
eoin|)lex waveform in\<»l\ed. As pointed 
otti previ«»usly. si^^nals that r{‘present 
the residual fm noise of a si^nal- 
^(‘iierator carrier fre(|ueney are com¬ 
monly complex wa\(‘lorms. dominatetl 
hy strong c»»m|)onents relati'd to the 
power-line fretniency. Similarly, the 
signals that represent the incidt'iUtd fm 
<if an atit])litude-m<Mlulated (‘:iri‘ier will 
vary consitlerahly in waN’t^fortn. ’rh(‘v 
will contain fre(|uencies rel.ated to the 
amplit ud(‘-modulat i(»n fundaiiKMital fre- 
(luency. < h er a wide range in modulatioti 
li‘vels and modul.alion fre<nM'ncy. tin* 
measured signal m:iy change from muirly 
sinusoidal to a highly distoritul complex 
signal. 

'riius. eithi-r the handwidth of the 
mejisuring syshaii must he adequate, or 
l•(^rrections must Ik^ niadr* for it. < 'orrel.a- 
tion hetween v.arious m(‘tho<ls of nuxis- 
ttrement can Ik' made where the r(‘- 
spon.se ch:ira<*l(‘ristic.s of (*ach systian 
.are known. 


MEASURED CHARACTERISTICS OF THE 
TYPE 805-D STANDARD-SIGNAL 
GENERATOR 

'fhe measurement sy.stem of l''igure I 
was u.sed to evaluate the ])(‘rformanc(' of 
the rvet: S(t.VI) J^l.andard-Signal (len- 
er.ator, with results as detaiUsl h<‘low. 

Residual FM Noise 

In test<<)n t h(‘ Ih i’K SO.")-!) Standiird- 
Sigjial (ien(‘rator for fre(|U(*n<*y stability, 
rneasunanents were lirst m:nle of tla* 
residua l-fm-i a >i.<e characterist ics over 
the entin* carrier-fr('(|Ueia*y range ( Ki kc 
to .*)() .Me). Kei'ords w<*re made directly 
in cycle.s-per-.secanal de\iation. siia-e this 
is the most ilir(*ctly useful parana*ter for 
evaluating generator p(*rformata‘e in 
narrow-haial .systems. IVrtita*tit d.'ita 
are sfiown in Table 1. typical prodia*- 
tion-run instrument was taken for these* 
measurem(*nts and the rt'sults jire to Ik* 
viewcel as typical, ratla*r than guiirati- 
teeel. 

Tla* results .show that an <ihserv<*<l 
tinmodulat(‘il c.‘irrier-fre(na‘ia*y st;d>ility 
of tla* order of one- or twn-cych* el(‘via- 
tion can he achie\'(*d ov<*r much «)f tla* 
carrier-freenieia*y range (»f the* ge*ne‘rat«)r. 
Mi»re*o\e*r, the* gre‘:ete‘st e-eaitrihuting fae*- 
tor e*ausing this degre*(* e»f instal)ility is 
relale*el tei the* pe)wcr-seipply fre‘e|Ue*ne*v. 
'rhi> i> e-vident whe*n tla* deMniianit 
pe iw e*r-f re*e |Ue*ne*y-ge*i a*ra t ee 1 e*e empe n ie*nt 
i' lilte*reel e)Ut. This sugge'sts th.*it tea- 
critical Uses improvetnent cati he* oh- 
taine*el thi'ough tla* use* e)f n ele* he*;ite*r 
sui)ply. 'I'la* ge*nereius cahine*t size* atal 
low inte*rnal-le*mpe*rature rise will pe*rmit 
the* installation e»f an internal Iratrsisteer- 
re*gul;iteel he‘.*ite*r su|)])ly. With sue*h an 
:irrangena*nt. the* icsielual ftn neii.se* 
shoulel ap])re)ae*h e»ta*-e*ycle eleviatiem 
e)^•e*r tne»st of t he e*arrie‘r-frt*e|ueia*y range*, 
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TABLE I 


CARRIER FREQUENCY 

RESIDUAL FM 

INCIDENTAL FM 
With 400 ^ AM at 
30% AM 80% AM 

MICROPHONICS 
Resulting from 
Mechanical Shock 


^ Af 

Major 

‘ Component 

:t Af Peak 
‘ Deviation 
— In cps 
vrith 

± Af 

Af 

dr Af 

Major 

Component 


Peak 

of Peak 

Moior 

Peak 

1 Peak 

Peak 

of 

In 

Deviation 

Deviation 

Component 

Deviation 

Deviation 

Deviation 

Deviation 

Me 

in cps 

in cps 

Removed 

in cps 

in cps 

in cps 

in cps 

0.5 

2 

60 1 

1 

75 

260 

500 

290 

1.6 

1 

240 


240 

400 

50 

280 

1.6 

2 

240 

<1 

60 

260 

1000 i 

1 280 

3 

2 

240 

<1 

360 

1000 

500 

290 

5 

15 

240 

<1 

50 

200 

1000 

280 

to 

30 

240 

10 

150 

400 

2000 

290 

16 

6 

30 

4 

290 

800 

500 

280 

16 

26 

240 

10 

425 

1000 

5000 

280 

20 

35 

240 

13 

300 

700 

3000 

280 

40 

60 

240 

14 

1500 

3800 

10,000 

275 

50 

70 

120 

15 

4200 

10,000 

5000 

275 


when the ^oiirrator is op(*rat<Hl in a 
nnnual lalxiratory (MiviromiaMit. 

Microphonic FM Noise 

'I1h‘ 'Vwk SOa-D Standanl-Siiina! 
(icMHM'alorlias httt onodnniiiiant inrrIialK 
iral r<*snnanr(\ and lliis is in tin* rciiion <»f 
275 lo 2‘.M) (‘yrk's por srroiul for most 
rondifions. 'Fliis was d<*tonnincd hy im*- 
<*liani('al and ju*oustical «»xcitali«ni of flu* 
troiu'iator over a wid<*-fr<MHU*nry ranirt*. 

1'hr flata j^ivon in Tal>lf I illnsiral(‘ 
what can liappcn to tliccarricr-fnMincncy 
slal)ilily when the panel isstniek a sharp 
blow (ex<'eedin>!: that likely to he en- 
eountenMl in normal use). A substantial 
fr<M|uenev d(‘viation can occur. The rate 
at which it will oc«*ur is largely deter- 
inintHl by tla» frec|uency of the majiu* 
iinM'hanical resonaia’c of the j:cin‘rator. 
wliih* the inaj^nituile i»f the ileviatioii 
produced will be a function of ila‘ rc*s- 
onance (J and the nature of tlie impact. 


The data sln»wn are extreme; for nor¬ 
mal laboratory conditions incidental fm 
r(‘sidtint? from microphonics ar<* seldom 
si^nili(*an(. 

Frequency Drift 

A low-fm-nois4* sij^nal ^^eiuM'ator will 
Ik* of maxiniuni utility only if its fn*- 
(|ucncy-drift r:it<‘ is als<i I«»w. 'Phis .>hi>uld 
Ik' low enou)£h to enable the usit to set 
a specific frecpiency and have it remain 
constant lonj^ enout.^h to complete his 
measiirement \Nithout r«‘set annoyance. 
Here, aj'ain, the rer|uir(‘imMits are di^ter- 
mim‘d by the intended u.se of the gen¬ 
erator. Since the minimum freiptency 
<lrift will be obtaine<l under constant 
operatin«£ conditions, it is always best 
to keep tla‘ ^taa'rator in continuous 
openita)n to avoid tla* usual wann-up 
cycle. For tht»se cas<?s where this is not 
po.*isible. tin* (*urves of typical fretpiencv 
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Range Switching Effect 


SCMMTCW mr Al OPfllAr'iM } mou*S 

.m- • » ' I mCmM -^ ♦— - I hOU* -♦ 



Figure 2. Graphic records of frequency drift. The 
upper set of curves shows the effects of range 
switching. The lower group shows drift at a con> 
stant switch setting. The records at the lower left 
in each group show typical long-term drift. 
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^ drift 'liown In Hjiiin* 2 will be helpful. 
Tln‘M* dnta represent the ehiiiiKe in fre- 
(jiieney ))e}i:inninti; 'vilh the start nf 
o.sei Hat inns f<»llnwin >5 turn-on of the 
|M>wer switeh. Asymptotie stability will 
be narhetJ within the first hour of 
operation. 

.Vinither source of freciueiiey »lrift i.s 
sudden ehanges in oseillator-cireuit con¬ 
ditions. Major contributors to this type 
of (Irift are band-switching and, to a 
less<*r extent, changes in the frcHpiencx^- 
dial .setting. With the generat<»r in 
iiornml <»per:ition (long enough to have 
pa.ssed thrf»ugh the initial warm-up 
cycle), a change from one fretjuency 
range to unotluT will bring about a 
s<*condary fre(|uency <lrift. Typical of 
flu‘ n»sult.s to 1h* expei-ttsl are the <*urves 
shown in Figure 2. This chanicteri.stie 
appropriately tlefines the pnictical limit 
^ of fretjuency stability, rather than the 
final value reached under long-term, 
constan(-o|>erating conditions. 


Incidental FM 

In general, the incidental fm in a 
.signal generator will be a function of 
carrier fre(|U(*ncy, amplitude-modulation 
percentage, and nuMlulating fre(|Ucm*y. 
Thi.'' last can lw‘ cpiite im|)ortant at low 
carrier frtM)uencies. The narrow band- 
widths of the tuniMl circuit.smay restill in 
.substantial incidtaital ftn beinggetieralcil 
at high modulation fretjuencies. Figun'.‘I 
shows this condition for carrier fre(|m*n- 
cies in the 50- to 150-kc ratige. No great 
chang(^ in the level of incidental fm is 
found over this ratige of carrier fn*- 
c|uency. Note, however, the rapid rise in 
iiKMdentai fm tis the modulating fn*- 
quencv increases. 'Flus behavior suggests 
pha.se modulation arising from asym¬ 
metrical phaM‘s and amplitudes of the 
side-bands. 

Figun* \ shows tin* incidental fm pn»- 
duced at the liigh carrier fn‘(|uencies. 
The prescnc(‘ of a .substantially higher 
level of incidental fm isclc^arly appartait. 


ESgwr* 3. incidenfol 1m os o 
function of percentage modulo* 
lion at carrier frequencies be¬ 
tween 50 ond 150 kc. 
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Figure 4. Incidental fnt ot a function of 
percentage modulation at high carrier 
frequencies. 


hut note flu* ahsonce of a chauKo witli 
iiindulatioii friMiuoiicy. This behavior 
siiL^^esIs pure frecjiieuey imKlulaliou re¬ 
sult iii)i; from mietion on tlie oseillatoi . 

'I'ahle 1 show.s typical performance at 
two s|M‘eilie amplitucle-modiilation levels 
f<»r various carrier fre<|uencies through¬ 
out the nmge of the signal generator. .Vs 
might be expected, the magnitude of 
ineidtMital fm will increase on any given 
earrier-fre(|ueney range as the carrier 
fre(|ueney incrciuse.s. 


Carrier Distortion 

Another eharaeteristic of general in¬ 
terest to signal geia'ralor users is (tarrier- 
fre(|ueney distortion, which is impor¬ 
tant in wiiU^-band testing. In tests on 
vidiM) amplitiei's. for instance, carrier 
distortion should be held at a minimum. 

Some compromise between carrier 
distortion and envelope (amplitude- 
mmlulation) distortion is usually neces- 
siiry in an instrument covering a wide 
freipiency range. This results from over- 



% 

Figure 5. Panel view of the Type 805*D Standard-Signal Generator. 
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TABLE 2 


CARRIER 

FREQUENCY 

IN Me 

CARRIER 

HARMONIC 

DISTORTION 

1.6 

2.3% 

5 

J.3% 

5 

1.0% 

16 

3.1% 

16 

1.2% 

50 

3.1% 


hippiii}^ r(M|uircm(Mits in llu* frcriuoncy 
ran^(‘s, as for cxanipl<‘, iIh‘ niaxiinnin 
modulation fiHMjUoncy ut the miniinnni 
carrier fretpiency. In the rym*: S05-1) 
Standard-Signal (lenerator, these* fre- 
(piencies are identical l)tit would not he 
used simultaneously. This imiioses a 
jiractical limitation on the isolation of 


audio-modulation staji;es from the low- 
frc(iuency carriiT staj;(‘s. Some distort ion 
exists at low carrier frc(|ucncies from this 
cause. .Vt the hit!;hcr carrier freiiuencies, 
less (^iirrier distortion is found, 'rhis 
results from the increasiujij; si‘lectivity 
at high(*r carrier freipiencies. 'rabh* 2 
shows results typaad of the 'rvrK 805-1) 
Stamlard-Sijf^nal (lenerator. 

— C. A. C.\m 

'flic Typk S05-1) Standard-Signal 
Generator su])erscdes tlu* Twe .S()5-(\ 
Older ty]>es of tidies, meters, and other 
components have h(*en replac(‘d with 
current types, and there have hei'ii some 
mechanical chanji;es. Performance speci¬ 
fications and price remain unchanijjed 
and are liste<l in our iMirrent eataloji;. 


A CONNECTOR IS KNOWN 
BY THE CONNECTIONS IT MAKES 


'fhe hermaphro<lil(‘ <*oa\ial connector 
(dcneral Uadio Tvpi:S74*) was initially 
j^reetfsl, upon its introduction in HITS, 
with reactions ranjiiint^ from “Oh, no! 
Not another (‘onnector!” to “(lood! It’s 
about time!” Since then, this <*onnector 
has seen iiuTeasinj^ usi* each year and 
recently has been sele<*ted by several 
well-known manufacturers for use on 
new aiul advanced instrunu*nts. lix- 
amples of some of these hir«;(*-scale usi*s 
are shown in tlie ai'companyinp; photo¬ 
graphs. 'rhese manufacturers certainly 
have not based their selection on whim 
or novelty, but on sound i*n^in(‘erinj!; 
ju<lji:m(‘nt and common .sen.se. Here is a 
brief report about why the < leneral 
Hadio connector has be(‘n cho.^cn by 
some of its larj^e-scale users. 

•r.s. i'nf.‘iif \i*. 2..*as.i.-)7 


Most people feel that tlu*re are 
already too many dilTerent types of 
coaxial connectors, 'fliis fc'cliifti; posi's a 
formiiiable hurdle that mu.‘<t lx* sur¬ 
mounted befor(‘ any connector can br*- 
coine widely accepted. .\ new connector 
must prove that any po.‘<sible complica¬ 
tion it may bring is greatly outw(‘ighe<l 
by its advantages. For the (IH coniu'c- 
tor, the major advantage's are: 

1. ’ II(*rmaphrodil(* de.sign the re¬ 
sulting elimination of plugs and jacks 
gn'atly simplifies inten'onnections and 
tlrasticidly reeluccs stocks of aelapt<»rs 
and patch cords la'eded. 

2. Hclh'clionsconsidt'iably lower than 
those of other coaxial connectors, and 
recently improve'd even furtlu'r. 

3. (Convenience of (juick-connee't/di.s- 
conni'ct connections now (*nhanced by 
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Tektronix, Inc, uses the GR Connector on 
several new oscilloscopes, including the 
Model 519 DC to 1 Gigacycle Oscilloscope 
(125-ohm version—see paragraph at end 
of article), the Pulse Sampling Systems, and 
the recently announced Model 567 Digital 
Readout Oscilloscope. The versatility of these 
instrument systems is reBected in the various 
ways they can be connected, ond the conven¬ 
ience of the quick-connect disconnect her¬ 
maphrodite connector is very important The 
ability to handle extremely fast pulses with 
negligible reflections wos also an essential 
factor in the selection of the GR Connector 
by Tektronix. 


provision of a locking an*angcmenl/ 
olTcctivc* at the iisf*r\s option and coni- 
pjilililf with non-locking vcrsioii.n. 

I. Availability of lo\v-\’S\VH adapt<»rs 
l.(» all commonly u.scd connH'tor systems, 
with f(‘\vcr adaptor tN^tes iKHsIcd. 

HERMAPHRODITE CONNECTORS 
VERSUS PLUGS AND JACKS 

It wa.s not ea.sy to intr<Khi(*e the 

•"Ni'wxrwi ltiu»ruvi'<l ('tiaxiul ( «iun‘Pior!*.*'f?rwrmi Htuiut 
Hrinrimfnlrr, .l.V 10. 0<rlob«>r. IWU. 


hermaplirodite connei'tor into a well- 
established world of nude and female 
connectors. It certainly was easier, 
though, thati if the situation had lieen 
reversed, and plugs and jack.s were try¬ 
ing to gain acceptance against the es¬ 
tablished convenience of hefmaphrodite 
ronner*tors. The plug-aiid-jack system 
for fHnnr connections has an essential, 
practical advantage in terms of .safety, 
but the carn^iver of the plug-and-jack 



Computer-Measurements Company selected the GR Recessed Locking Connector for use on their Model 708B 
100 Me Frequency-Period Counter for several reasons. The fact that a low-V$WR adaptor to any common 
connector type can be locked in place on the instrument alio vs CMC to meet differing customer requirements 
very easily — and the hermaphrodite characteristic greatly reduces the number of odaptor types required. 
Rnolly, excellent shielding and low VSWR are mandatory. CMC sees this locking connector os an excellent 
solution to an old problem and expects it to And increasing use on modern electronic test instruments in the future. 
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Eldorado Eloctronics has selected the GR Connector for use on their Model 1*109 2*Nonosecond Tlme*lntervol 
Meter. The high-frequency pulses handled by this new instrumerd impose severe frequency-response conditions 
on the corrector, which must have constont-impedonce charocteristes at gigocycle frequencies and excellent 
pu'se response. The electrical performance of the GR Connector, its convenience, ond the wide variety of 
available accessories make it ideally suited to this opplicotlon. 


c.'tiircpt into l«>\v-po\vci*, liiKh-fm|uciify 
communications and measurrmcni cH|iii|> 
ment nin‘ly hiu«any Ilasic advantage* and 
in.^tead in a Im.sk* nnisan(*e. A 
major rtni.^»n ft»r tin* ailoption of iht* 
Tvi»k S74 C*onn«‘tor by it.'* larKf*-s<*ali* 
us<*rs lias Ikhmi the* riiinination of this 
ntiisaiHH* — thiMV is only oin‘ hasif type*, 
and any fonnortor conniTts direct ly wit li 
any oth«‘r. For pxaniplc*, the* coinprfhpii- 
aivo (Icncnd liadiolinoof vhf-ulif iiistni- 
inenta and coaxial elements, many of 


which are two or nniri* |a»rt devicch, 
would have Ihhmi much l<*ss pnictical and 
flexible without the hermaphroflite eon- 
nector. 

REFLEaiONS AND VSWR 

Another, atid inip<»rtant, reitson for 
(icneral Hatlio’a development of the 
Typk 874 Connectc»r was the lack of any 
it her connect (»r with low enough VSWH 
to allow its use* in a Inexible system of 
coaxiil eleiiHMits for m<*a.sur(*ment piir- 



At Sage Laboratories, Inc, GR Con- 
ttectors are widely used in their pro¬ 
duction and laboratory test work to 
save *time. Many of the measure¬ 
ments mode on Sage microwave 
components, such as their TEMLINE 
Hybrid 3 db Couplers, involve many 
connect disconnect operotioru to de¬ 
termine coupling, directivity, and 
VSWR for each unit over its frequertcy 
ronge. These components are tempo- 
rorily ftried with GR adaptors to 
make the operator's work easier and 
to ovoid wear on the equipment 
under test. 
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Edgerton, Germeshausen & Grier, Inc., uses 
the GR Connector on their Model 751 Pulse 
Generator. The major factors that influenced 
their selection are ease of use ("no plugs or 
jacks to worry obout"), excellent electrical 
characteristics, and ruggedness ("a good, 
rugged connector"). 



CEItMESHAUSIN 


K CRIEK. INC. 




post's. Siiifo the (IH conneetor’s intro- 
iliiction, other eoniieetor types have 
ht'en suhstaiitially improveil (and many 
new types creattMi e.g., C\ Il(\ S(\ 
TN(\ etc.), but the (IH ctHineetor, 
which itself has bmi improveil Ity many 
rehnements, at ill has the lowest reflec¬ 


tions of any j'eneral-pur|>o.se coa.vial 
connector in its fre<|uency raiif^t' (dc 
to 7 (»c). 

Some of the reasons for this |)er- 
formance are: 

1. I^ir|j;er internal diameters (alwnit 
twice the dimensions of Type X) rinluce 



The General Electric Company's Chemical and Materials Engineering Laboratory in Schenectady has largely 
eliminated connector problems in the wide variety of measurements they make between DC and 50 Me by 
selecting the GR Connector for use on their equipment. This equipment includes screened rooms, controlled- 
temperature chambers, dielectric-specimen holders, and measuring instruments of various makes, which are 

modified on arrival to use 
the GR Connector. This 
laboratory uses Teflon beads 
(available on special order) 
in the GR Connectors in 
order to permit use in high- 
temperature tests and to 
reduce difficulties from dirt 
and moisture in meosuring 
systems involving extremely 
high impedance levels. 


I 
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Ballontine Loborotoriet, Inc., needed a well* 
ihielded connector that would mote without 
any kind of twisting oction for their Model 393 
High-Frequency Tronsfer Voltmeter. In this 
higMy accurate instrument the interchangeable 
measuring probes ore plugged straight into o 
deep panel recess, with the connector joint in¬ 
accessible, for DC standardixotion after first 
being connected to an unknown rf voltoge to 
be measured. 



erntrs due Ut any .'{IhmmIuhI :il>soItite 
UtleRiiiee in di men slot i.*<. littwever. I he 
outautc diameter of I he <iH eoniieetur is 
not i?reater in proportion tit its larger 
internal diametei*s, heean.si* its design is 
simpler and more efficient in this re.spi*et. 

2. Tighter ahsobUv toleranees of in¬ 
ternal diineii.sions of maUd eoniH*etors 
n*snlting fnmi mon* favorable coniuM-tor 
gtHunetry and through u.se of .sj)eeial eon- 

^ trol methods in fabrication pnM*i»ss4*s (to 
be de.serilHHl in a future article). 

3. IlanleniHl IktvI lium-copper inner- 
conductor spring contacts give staltility 
and pennanence to the initial low VSWU 
of tlie CiH connector. 

I. Optimum insulator design, in terms 
of diameter compcMisation, spacing-to- 
thickness ratio, etc. 

The Phys4cs-of-lnsulatk>n Section of the 
Westinghouse Reseorch Loborotories uses the 
OR Connector widely on measuring equipment 
operating at frequencies from DC to micro- 
waves. Ten to fifteen yeors ogo, before 
adopting this connector, they used three or 
four different connector types, each with male 
and female versions, and found them to be a 
continual source of inconvenience. Now the 
single GR hermaphrodite type is used wherever 
possible on such instruments os standard 
oscilloscopes, special fast-pulse corono test ap¬ 
paratus, amplifiers, special capacitance 
bridges, and interconnecting cobles. As a 
result, more time can be spent on the measure¬ 
ment and less on the setup. 


Till* advent <»f fa.st-pul.‘<* counting 
vircMiits and iwq'iilixM-oiH^s rovering a 
5?l)ertrum to hundriHU or thou.Hand> of 
mcgaryrle,‘5 ha.'i further acrelerateil the 
demand for low-\'S\Vlf connectors. 

CONNECTION CONVENIENCE 

Otlier conniM'tors are of two basic 
stylt‘s - bayonet-liM‘k type.'* (such as 
Ty|H^ (’ and lfN(*) for use where ron- 
111 ^‘t (li.sconneci .speed is mo.st impor¬ 
tant. and .siTew-iui types (.such as 'lypes 
N, S(\ and 'PNC*) for use where the 
nuvhaiiical wnikiit^s •md electrical leak¬ 
age of iKiyonet-liM’k ty|K*s art* intolerable. 

choice must 1m* made —^convenience 
versus strength and shielding. 

Xo such choice is ni*ces.sjiry with the 
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new Tvi»k 874 bx’king Connector. .V 
locking .sleeve is provided and is alway.s 
ready, hut its u.se is optional. Therefore, 
in ofw connector^ apred and convenience 
have Iktii combiiud with high me(4ianical 
strength an<l low ele<*trical leakage. 

HIGH-IMPEDANCE CONNECTORS 

Several organizations have sjitisfac- 
torily atlapted the (iH connector to 
t(M)>ohni and 125-ohm imiXMlance levels. 
The ^ifi-inch electrical diameter «»f the 
outer conductor allows inner-conductor 
dimensions large enough to he practh'al, 
and the basic connector dt*sign makes it 
relatively simph* to use high-impedance 
head and inner-conductor designs while 


still retaining the desirable hermaph¬ 
rodite characteristic. These high-imped¬ 
ance dc\signs are u.sed on e<|uipnient 
associated with ion or radiation detec¬ 
tors in order to obtain ma.\imum output 
from the detectors, which are constant- 
current devices. I^irge-.scale users of 
these higli-impedance versions of the 
(iK (M)nnector are Tektroni.x, Inc., 
and Kdgertfm, (lermeshausen & drier, 
Inc. In every instance so far, (leneral 
Radio has .supplied tin* outer conductor 
parts only, with the user furnishing the 
high-impiHlance heads and inner conduc¬ 
tors to obtain the de.sircd impi*dain‘e 
level of either 100 ohms or 125 ohms. 

— \V. R. 'rHI RSTOX 


THE 

NEW ENGLAND 
OFFICE 


R. B. Richmond R. K. Peterson S. P. Roberts 



While the Xew Kngland District Office 
is physically located at our home office in 
(\)ncord, it isoperatwl in nuich the same 
manner as our other district offices. The 
Xew Kngland Office is responsible btr 
sales in all the Xew England .states, ex¬ 
cept for the Southern (’onn(‘cticut ar<*a 
which is .servi'd by our Xew York Office. 

The Xew England .Manager is Robert 
R. Richmond. Ife isa.ssiste<J by Ralph K. 
Peterson and Stuart P. Roberts. Mr. 
Peterson has n*cently transferred from 


the gtMieral sales engineering group and 
will devote his bill time to our donnecti- 
cut and Ma.ssiichusetts customers. Mr. 
Roberts joined the (leneral Radio (’om- 
pany two years ago and will l>e resixm.si- 
bh‘ for much of t he sides cov erage in East- 
tern .\Ia.s.sachusetts and Rhode Islam!. 

.\ telephone call to thest* engineers at. 
E.Menson t)-44(K) or Mission b-74(K) will 
bring prompt infonuation al)out (lemTal 
Radio products. 


I 
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The nreonipanyiiiK photfi^niph shtiws the entrance to oiir new Florida 
office, uiinoiinci*d in tlie OcIoImt i>sne of tlie Kxpkrimkxtkk. I^M*atiHf at 
113 I’]ast ('olonial Drive, Orlando, the office is inana^tHJ by John (\ Held 
of our Sah?s Kiigin<*<*rinii; Staff. Telephone is (i.Vnlen 


General Radio Company 

extends to all Experimenter readers its best wishes 


for a Happy ond Prosperous 1962. 
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